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Aneurysms of the anterior communicating artery are formidable lesions even when successfully treated surgically for they may produce long-standing ill effects that are out of proportion to the size of the lesion. Indeed, some of our operations which we have judged to be excellent from a technical standpoint have proved to be most disappointing as these patients may develop persistent mental and behavioural changes that prevent them from functioning normally in society. Figure 1 illustrates this point. These are pre-and postoperative angiograms to document the presence of an aneurysm of the anterior communicating artery and show the obliteration of it by silver clips while preserving both anterior cerebral arteries. This patient was a successful middle-aged tool and die maker before a single episode of subarachnoid ' Presented at the Harvey Cushing meeting, Los Angeles, 19-22 April 1964. haemorrhage. Although the operation was performed over three years ago he is still unable to return to work because of persistent confusion and erratic behaviour. This aneurysm was unaccompanied by any intracortical clot and was obliterated as atraumatically as possible through a right subfrontal approach using urea and spinal drainage.
However, dissection of the aneurysm from both parolfactory areas of Broca where it nestled was necessary.
Why does a small lesion in this area produce severe, long-term ill effects? In an attempt to explain this disturbance in function on the basis of an alteration in the structure of the areas, lesions were Figure 2 , a sagittal section of a human brain, illustrates some of the interconnexions of the precommissural septum (termed the parolfactory area of Broca in man) and the tuberculum olfactorium (the human anterior perforated space) and the proximity of the region to the anterior communicating artery. The precommissural area, which is very likely to be damaged by an anterior communicating aneurysm either from haemorrhage or from dissection during surgery, is connected to the hippocampus through the septo-hippocampal and hippocampal septal pathways that pass through the fornix. The cingulum provides a two-way association system between the precommissural area and the cingulate, parietal and fronto-occipital cortices as well as with the hippocampal gyrus. From the hippocampal gyrus there are interconnexions (not shown) with the amygdala. This septal area is also interconnected with the hypothalamus through the septo-hypothalamic and hypothalamo-septal components of the medial forebrain bundle. There is also a minor relationship of this area with the septum pellucidum. Some fibres penetrate the corpus callosum on their way from septal areas to the cingulum.
The parolfactory area of Broca and the anterior perforated space were destroyed under direct vision in seven monkeys using sterile conditions and with a minimum of damage to other areas of the brain. Two types of surgical approach were used to make the lesion: (1) a right subfrontal approach, and (2) a midline approach, retracting the right frontoparietal cortex laterally and splitting the corpus callosum (Fig. 3) the location of the resulting degeneration. Similar results were obtained in all the monkeys studied. Figure 4 demonstrates degeneration in the tuberculo-septo-hippocampal pathway from a lesion in the tuberculo-septal area. These pathways between the precommissural septum and the hippocampus are represented by the striped white arrow of Figure 2 . Septo-hippocampal connexions in primates have been described by several observers (Stoll, Ajmone-Marsan, and Jasper, 1951; Daitz and Powell, 1954; Green and Adey, 1956; Blackstad, FIG. 1958; and Votaw, 1960a and b) . The hippocampus alerts the cerebral cortex, particularly visual, somesthetic, and some auditory areas, through its cortical association paths (Votaw, 1960a and b; and Schneider, Crosby, and Kahn, 1963) . It follows that a lesion in precommissural septal areas may produce a diminution in the state of awareness, a form of cortical insufficiency due to reduced activation of the cortex by the hippocampus. Figure 5 shows degeneration in the cingulum after a lesion in the tuberculo-septal area. The cingulum, composed of longer and shorter association fibres, provides a two-way association system between the anterior perforated space and the precommissural septum and perhaps the rostral part of the cingulate area, not only with areas in frontal and cingulate cortices but with entorhinal areas and hippocampal gyrus regions (Riley, 1943; Glees, 1948; Glees, Cole, Whitty, and Cairns, 1950; Adey and Meyer, 1952a and b; Schneider etal., 1963) . The hippocampal gyrus interconnects the hippocampus and amygdala (Adey and Meyer, 1952a and b; Klingler and Gloor, 1960; and Schneider et al., 1963) (Schneider et al., 1963) . Widely separ of the fornicate gyrus and adjacent fronta and occipital cortices are interconnected th cingulum. Overall diminution of cortical particularly in terms of poverty of associa part due to involvement of the septal port cingulum (solid white arrows of Fig. 2 ) w connects the precommissural septum to t parietal, occipital, and temporal cortices. area is also connected to the induseun (Fig. 6) which is a remnant of the anterior tion of hippocampus. Thus the altered stal sciousness, the poor judgment, and the iml mental abilities which not infrequently a surgical treatment of anterior communical aneurysms may in part at least be due to ir of the septal part of these pathways.
The septal area is connected to the hyp by the septo-hypothalamic and hypothak components (outlined white arrows) of t forebrain bundle (Crosby and Woodbui -ated areas Kuhlenbeck, 1954; Ingram, 1956 ). It has long been I, parietal, known that a hypothalamic cat, that is, an animal irough the in which the hypothalamus has been severed from function, the higher brain centres, will show signs of rage when Ltion, is in stimulated (Bard, 1928; Bard, 1934;  Bard and tion of the Mountcastle, 1948) . Moreover, stimulation of the hich inter-dorsomedial hypothalamic nucleus in a tame cat he fronto-produces signs of a very angry animal (Ingram, The septal 1956) . The destruction of the ventromedial hypon griseum thalamic nucleus brings about almost like results.
continua-These responses are the 'sham' rage of experimentaltes of con-ists, that is, they represent the emotional expression poverished of anger but not necessarily the emotion itself, ccur after which is cortical. The conditions furthering the ting artery elicitation of signs of rage under experimental conmpairment ditions suggest that there is a regulation, under normal conditions, of hypothalamic responses by ,othalamus corticohypothalamic systems, such as the medial amo-septal forebrain bundle (Bard and Rioch, 1937; Ingram, the medial 1940; Kuhlenbeck, 1954 cingulate, hippocampal, and frontal regions) are undoubtedly of greater importance in primates than in subprimates in determining emotional responses, and possibly there is some shift forward in the centres from which various responses can be elicited, still the septal-tubercular areas with their discharge path, the medial forebrain bundle, remain an important part of the mechanism by which the hypothalamic regulation of autonomic centres is put under cortical control.
A highly intelligent man was presented at our clinic because of a recent onset of changes in mood, attacks of rage, and increasing apathy, forgetfulness, and confusion (Fig. 7) 
